General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



DOE/NASA CONTRACTOR REPORT 


DOE/NASA CR- 150506 

THERMAL PERFORMANCE OF MSFC HOT AIR COLLECTORS 
UNDER NATURAL AND SIMUUTED CONDITIONS 


Prepared by Wyle Laboratories, Solar Energy Systems Division, Huntsville, Ala. 

Under sub-contract with 

IBM Corporation 
Federal Systems Division 
Huntsville, Alabama 35805 

Contract NAS8-32036 


National Aeronautics and Space Administration 
George C. Marshall Space Flight Center, Alabama 35812 

for the U. S. Department of Energy 



(NASA-CR-ISOSOf') THERMAL PERFO’’MANCE OF M7fi-U3^)25 

MSFC HOT AIR COLLECTOFS HMDFP NATURAL AND 
SIMULATED CONDI'^IONS Labs., Inc.) 

39 p HC AOl/MF A01 CSCL 10A Uncldo 

G3/44 0598S 

y.S. Department of Energy 


NOTICE 

Thla rtport was prapared Co document work sponsored by cha 
United States Government. Neither the United Staten nor Its 
agents the United States Department of Energy* the United 
States National Aeronautics and Space Administration* nor any 
federal employees* nor any of their contractors* subcontractors 
or their employeas* make any warranty* express or Implied* or 
assume any legal liability or responsibility for the accuracy* 
completeness* or usefulness of any information* apparatus* 
product or process disclosed* or represent that its use would 
not infringe privately owned rights. 



TECHNICAL REPORT STANDARD TITLE PAGE 


2. COVCRNMCNT ACCESSION NO. 


1, AEAONT NO, 

DOE /NASA CR 150506 


4, TITLE AND SUBTITLE 

Thermal Performance of MSFC Hot Air Collectors under 
Natural and Simulated Conditions 


RECIPIENT'S CATALOG NO. 


S, REPORT DATE 

November 1977 


6. PERFORMING 0RGANI2ATI0N CODE 


7. AUTHOR (S> 

K. Shih, Sr. 


9, PERFORMING ORGANIZATION NAME AND ADDRESS 


B, PERFORMING ORGANIZATION REPORT U 

WYLE TR-531-05, Rev A 


ho, WORK UNIT NO. 


Wyle Laboratories 

Scientific Services and Systems Group, Solar Energy Sys Div 
Huntsville, Alabama 35805 


II. CONTRACT OR GRANT NO. 

NAS8-32Q36 

13. TYPE OF REPORV a PERIOD COVERED 


12. SPONSORING AGENCY NAME AND ADDRESS 


National Aeronautics and Space Administration 
Washington, D. C, 20546 


Contractor Report 


14. SPONSORING AGENCY CODE 


IS. SUPPLEMENTARY NOTES 


This work was done under the technical supervision of Charles N. Thomas of the Marshall 
Space Flight Center. 


IS. ABSTRACT 


This report presents the procedures used and the results obtained from an evaluation test 
program conducted to determine the thermal performance and structural characteristics of 
selected MSFC-designed hot air collectors under both real and simulated environmental 
conditions. Five collectors, serial numbers 5, 6, 8, 10 and 11, were tested in the three-phased 
program. Phase one consisted of a series of outdoor tests to determine stagnation temperature^ 
on a typical bright day and to determine each collector's ability to withstand these temperatures. 
Two of the collectors, S/N's 5 and 6, experienced structural deformation sufficient to eliminate 
them from the remainder of the test program. Of the three remaining collectors, S/N 10 
was selected as the test article for the last two phases of the program. Phase two consisted of 
a series of outdoor tests to 'evaluate the thermal performance of collector S/N 10 under certain 
test conditions. The final phase of the program consisted of a series of indoor tests to evaluate 
the thermal performance of the collector under closely controlled simulated conditions. 



IB. DISTRIBUTION STATEMENT 

Unclassified-Unlimited 


William A, /Brook shank, Jr« 

Manager 

Solar Heating & Cooling Project Office 


19. SECURITY CLASSIF,<of «hl» roporti 

20. SECURITY CLASSIF. (of thU paga) 

21. NO. OF PAGES 

Unclassified 

Unclassified 

39 



msfc - Form 319 J (M«y i 96 « Nat'l Tcchnical Information Service, Springfield, VA 22151 















TABLE OF CONTENTS 


Page Number 


1.0 PURPOSE 1 

2.0 REFERENCES 1 

3.0 MANUFACTURER 1 

3.1 Description of Test Specimens 1 

4 . 0 SUMMARY 2 

5.0 ^ TEST CONDITIONS AND TEST EQUIPMENT 3 

5.1 Location 3 

5 . 2 Ambient Conditions 3 

5.3 Instrumentation and Equipment 3 

6.0 REQUIREMENTS, PROCEDURES AND RESULTS 5 

6.1 Outdoor Stagnation Tests ' 5 

6.2 Outdoor Thermal Performance Test 6 

6 . 3 Solar Simulator Thermal Performance Test 7 

7.0 ANALYSIS 9 

8.0 COMPARISON AND CONCLUSIONS 12 

FIGURE 1 Comparison of Outdoor and Indoor Collector 

Efficiency at 50 SCFM 13 

FIGURE 2 Comparison of Outdoor and Indoor Collector 

Efficiency at 90 SCFM 14 

FIGURE 3 Comparison of Outdoor and Indoor Collector 

Efficiency at 120 SCFM 15 

FIGURE 4 Comparison of Outdoor and Indoor Collector 

Efficiency at 200 SCFM 16 

FIGURE 5 Location of the Outdoor Thermal Performance 

Tests on MSPC Hot Air Collector S/N 10 17 

TABLE I Stagnation Test Results Summary 18 

TABLE II Outdoor Test Conditions for MSFC Hot Air 

Collector S/N 10 19 


iii 


TABLE OF CONTENTS (Continued) 


Page Number 


TABLE 

III 

Outdoor Performance Tost Data at 50 SCFM 

20 

TABLE 

IV 

Outdoor Performance Test Data at 90 SCFM 

21 

TABLE 

V 

Outdoor Performance Test Data at 120 SCFM 

22 

TABLE 

VI 

Outdoor Performance Teat Data at 200 SCFM 

23 

TABLE 

VII 

Outdoor Thermal Efficiencies of MSFC Hot 
Air Collector S/N 10 

24 

TABLE 

VIII 

Indoor Test Conditions for MSFC Hot Air 
Collector #10 

25 

TABLE 

IX 

Indoor Performance Test Data at 50 SCPM 
and 250 BTU/Ft^-Hr (No Wind) 

26 

TABLE 

X 

Indoor Performance Test Data at 90 SCFM 
and 250 BTU/Ft^-Hr (No Wind) 

27 

TABLE 

XI 

Indoor Performance Test Data at 120 SCFM 
and 250 BTU/Ft2-Hr (No Wind) 

28 

TABLE 

XII 

Indoor Performance Test Data at 200 SCFM 
and 250 BTU/Ft^-Hr (No Wind) 

29 

TABLE 

XIII 

Indoor Performance Test Data at 90 SCFM 
and 250 BTU/Ft^-iir (With Wind) 

30 

TABLE 

XIV 

Indoor Performance Test Data at 120 SCFM 
and 250 BTU/Ft2-Hr (With Wind) 

31 

TABLE 

XV 

Indoor Performance Tost Data at 200 SCFM 
and 250 BTU/Ft2-Hr (With Wind) 

32 

TABLE 

XVI 

Indoor Performance Test Data at 90 SCFM 
and 275 BTU/Ft2~Hr (With Wind) 

33 

TAJ3LE 

XVII 

Indoor Performance Test Data at 120 SCFM 
and 275 BTU/Ft2-Hr (With Wind) 

34 

TABLE 

xvi::i 

Indoor Performance Tests Besults and 
Analysis Summary 

35 


iv 


1.0 


PURPOSE 


2.0 

2.1 

2.2 

2.3 

2.4 

3.0 

3.1 


The purpose of this report is to present the procedures 
used and the results obtained during the performance of 
an evaluation test program. The test program was con- 
ducted to determine the thermal performance and struc- 
tural characteristics of selected MSFC designed hot air 
collectors under both real and simulated environmental 
conditions. The stagnation tests and outdoor perform- 
ance tests were conducted under the direct supervision ' 
of MSFC ET-44 without benefit of a written procedure. 

The indoor performance tests were conducted in accordance 
with References 2.2 and 2,3. All tests were conducted in 
response to Reference 2.1. 

REFERENCES 

EP12- (75-23) Testing of the MSFC Hot Air Collectors 

MTCP-DC-SHAC-403 Test Procedure for the MSFC Solar Simu- 

lator Performance Test of MSFC Hot Air 
Collector S/N 10 

MTCP-FA-SHAC-400 Procedure for Operation of the MSFC 

Solar Simulator 

MSFC MMI-5300.4C Metrology and Calibration 
MANUFACTURER 

National Aeronautics and Space Administration 
Marshall Space Flight Center 
Huntsville, Alabama 



MSFC Hot Air Collectors, Serial Numbers 5, 6, 8, 10 and 
11. The five collectors were identical except for tho 
materials used to form the body. Collectors 5 and 6 were 
constructed of Olin 4 lb. foam while collectors 8, 10 and 
11 were made of FSC 6850 foam. Absorber plates were 0.02" 
sheet metal coated with Caldwell black paint and each 
collector had a single cover made of standard glass. 

Each collector weighed approximately 21 pounds and had 
the following dimensions: 


Width 


38-1/8" 


Length 74" 


Depth 


7" 


Inlet and 

Outlet Ducts 3-5/8" by 15" 
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.0 


SUMMARY 


Five MSFC designed hot air collectors, serial numbers 
5, 6, 8, 10 and 11, were subjected to an Evaluation 
Test Program as described in detail in this report. 

The test program was conducted in three phases. Phase 
one consisted of a series of outdoor tests to determine 
stagnation temperatures experienced on a typical bright 
day and. each collector's ability to withstand these 
temperatures. Two of the collectors, S/N's 5 and 6, 
experienced structural deformation sufficient to elimi~ 
nate them from the remainder of the test program (See 
Table I). Of the three remaining collectors, S/N 10 
was selected as the test article for the last two phases 
of the test program. Phase two consisted of a series of 
outdoor tests to evaluate the thermal performance of 
collector S/N 10 under the test conditions described in 
Table II. The results of these tests are shown in 
Tables III through VII. The final phase of the program 
consisted of a series of indoor tests to evaluate the 
thermal performance of the collector under closely con- 
trolled simulated conditions described in Table VIII. 

The results of these tests are shown in Tables ix 
through XVIll. A graphic presentation of the performance 
analysis of both indoor and outdoor test data is con- 
tained in Figures 1 through 4 . 
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5.0 


TEST CONDITIONS AND TIJST EQUIPMENT 


5 . 1 Location 

Outdoor tests were conducted on the south side of 
Building 4620 and indoor tests were conducted with the 
solar simulator in Building 4619 at Marshall Space 
Flight Center, Huntsville, Alabama. 

5 . 2 Ambient Conditions 

All tests were performed at atmospheric pressures and 
temperatures existing at the test location during the 
period the test was being conducted. 

5 . 3 Instrumentation and Equipment 

All test equipment and instrumentation used for the 
performance of this test program complies with the 
requirements set forth in MSFC MMI-5300.4C, Metrology 
and Calibration. A listing of the equipment used for 
testing is as follows: 


Stagnation Tests ; 


Apparatus 

.Manu f ac turer/Mode 1 

Range/Accuracy 

32*T Reference 
Junction 

KAYE/Model PRJR 

32®F + 0.09®F 

Thermocouple 

Type T 

-300®F to + 700®F 
+ 1.8®F 

LVDT 

Moxon /Model DllO-3-4 

+5 in. to -0.5 in. 
+ 0.01 in. 

Pyranometer 

Eppley/Model 8-48 

0 to 400 BTU/ 
Ft2-Hr. 

Outdoor Performance Test: 


Apparatus 

Manufacturer/Model 

Range /Accuracy 

32® Reference 
Junction 

KAYE/Model PRJR 

32®F + 0.09“F 

Thermocouple 

Type T 

-300®F to + 700®F 
+ 1.8°F 

Flowmeter 

Cox/Model GL32 

30 to 250 ACFM + 2% 

Pressure Gauge 

Wallace/Model FA145 

0 to 50 PSI 
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5.0 


TEST CONDITIOt^S AND TEST EQUIPMENT (Continued) 


Pyranometer Epp ley /Model fl-48 

Anemometer Weather Measurer/ 

W121-SD 


Indoor Performance Tests ; 
Apparatus Manufacturer 

150®F Reference 

Junction Pace /Model 150 

Thermocouple Type T 


Flowmeter Cox/Model GL32 

Pyranometer Eppley/Model 8-48 


Pressure Gauge Wallace/Model PA145 

Anemometer Weather Measure/ 

W121-50 


0 to 400 BTU/ 
Ft2-Hr. + 5% 


0 to 100 MPH 
+2.5 MPH 


Range /Accuracy 

150®F + 1®F 
-300®F to +700®P 

t 

30 to 250 ACFM + 2% 

0-400 BTU/Ft^-Hr. 

+ 5% 

0 to 50 PSI 

0 to 100 MPH 
+2.5 MPH 
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6.0 REQUIREMENTS, PROCEDURES AND RESUL TS 

6.1 Outdoor Stagnation Tests on MSEC Hot Air Collectors. 

6.1.1 Requirements 

The requirements of these tests were to obtain stagna- 
tion temperature data on MSEC Hot Air Collectors. An 
additional task was to monitor the dimensions of the 
collector during testing. 

The following data was recorded for each stagnation test: 

1) Solar Flux .(BTU/Ft^-Hr.) 

\ 

2 ) Collector Absorber Plate temperature (®F) - 3 loca- 
tions . 

3) Collector Air Temperature between the absorber plate 
and the cover (®F) . 

4) Collector dimensional change (in.) - 6 locations. 

6.1.2 Procedure 

The outdoor stagnation tests on MSEC Hot Air Collectors 
were conducted without a written procedure at the di- 
rection and under the supervision of ET-44. 

The directions given were to mount the collectors out- 
doors facing south at an angle to allow the solar radia- 
tion to be normal on the collector surface and expose 
the collector for at least three bright sunny days. The 
inlet and outlet ports were plugged and internal tempera- 
tures were to be measured at locations defined by Refer- 
ence 2,1. Also, the dimensional changes of the collectors 
v/ere to be monitored. 

6.1.3 Results 

A summary of the results of the stagnation tests is sho«m 
in Table I. 

If the collector's dimension did not change significantly, 
the collector passed the stagnation test. However, if 
the collector's dimension changed enough to break seals 
and allow the transfer media to escape, then the collector 
was considered to have failed. 

Two collectors, S/N 5 and S/N 6, failed the tests when 
exposed to solar fluxes typical on a bright day (240 
BTU/Ft^-Hr to 290 BTU/Ft2-Hr). 
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6.0 REQUIREMENTS f PROCEDURES AND RESULTS (Continued) 

6.2 Outdoor Thermal Performance Test of the MSPC Hot Air 

Collector S/N 10 . 

6.2.1 Requirement s 

The requirements of this tost were to obtain thermal 
performance data under conditions described in Table ll. @ 

The following data was recorded for each test condition; 

1) Collector inlet air temperature (‘*F) 

2) Collector outlet air temperature ("F) 

3) Collector absorber plate temperature (*F) - 
3 locations. 

4) Collector air temperature between the absorber 
plate and the cover (®F) 

5) Flow rate through collector (ACFM) 

6) Flowmeter air temperature (®F) 

7) Ambient air temperature (®F) 

8) Wind velocity (MPH) 

9) Wind direction (Degrees) 

10) Solar flux (total) (BTU/Ft^-Hr . ) 

6.2.2 Procedure 

The outdoor thermal performance tests on the MSFC Hot 
Air Collector S/N 10 were conducted under the super- 
vision of MSFC ET-44 without a written procedure. 

6.2.3 Results 

The results of this test are depicted in Tables ill 
through VII . The values shown for each data point were 
determined by averaging the data recorded for that point 
over a 15 minute period during which all test require- 
ments were continuously met. 
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6.0 


REQUIREMENTS, PROCEDURES AND RESULTS (Continued) 


6.3 Solar Simulator Thermal Performance Test of MSEC Hot 

Air Colloctor S/N 10. 

6.3.1 R eqi^ i. foments 

Tho requirements of this test were to obtain thermal 
performance data under the conditions described in 
Table VIIX The following data was recorded for each 
condition. 

1) Collector inlet air temperature (**F) . 

2) Collector outlet air temperature (®F). ■ 

3) Absorber plate temperature - 3 points (“F) . 

4) Air temperature between absorber plate and cover 
(‘»F) . 

5) Collector air flow rate (ACFM) . 

6) Flowmeter air temperature ("F) . 

7) Ambient temperature (®P) . 

8) Wind velocity (MPH) . 

9) Simulator flux (BTU/Ft^-Hr . ) 

6.3.2 Procedure 

1) Complete all pre-test requirements specified in 
Reference 2.2 and Reference 2.3. 

2) Mount collector on simulator test table. 

3) Connect instrument leads as prescribed in Reference 

2.2 and assure data system is ready to accept and 
record data. 

4) Connect and insulate ducting. 

5) Assure that test table id aligned properly and is 
set at a 45® angle with respect to the floor. 

6) Assure that lamp array is set at a 45® angle with 
respect to the floor. 

7) Establish desired flow .rate and inlet temperature. 

0) Power-up simulator to obtain required solar flux 
level. 

9) Record data for 5 minutes in stabilized condition. 

10) Repeat steps 7, 8 and 9 until all test requirements 
have been met. 

MOTE: At end of each daily test period, secure the simu 

lator and assure proper log book entries are made 
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6.0 requirements, procedures and results (Continued) 

When resuming operation of the simulator, assure 
compliance with Reference 2.3 and repeat Propedure 
steps as required to complete the test series. 

6.3.3 Results 

The results of this test are depicted in Tables IX 
through XVin. The values shown for each data point 
were determined by averaging the data recorded for 
that point over a 15 minute period during which all 
test requirements were continuously met. 
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7.0 


ANALYSIS 


The analysis of the data contained in this report is 
in accordance with the National Bureau of Standards 
and ASHRAE reconunended approach. 


The efficiency of a collector is: 

yj n ^u/^- ■ ^^f,e ^ *-f,i> (1) 

0 j j 

where 


'3u 

A 

I 


m 


Ctf 
^f ,e 

I i 


rate of useful energy extracted from the 
solar collector (BTU/hr) 

overall cross sectional area of collector 
(ft2) 

total solar energy incident upon the plant 
of the solar collector per unit time pec 
unit area (BTU/Hr-Ft2) 

mass flow rate of the transfer fluid through 
the collector per unit cross-sectional area 
of the collector (Lb/Pt^-Hr) 
specific heat of the transfer fluid 
(BTU/Lb '’F) 

temperature of the transfer fluid leaving 
the collector (®F) 

temperature of the transfer fluid entering 
the collector (®F) 


Rewriting equation (1) in terms 
we get; 

lA 


of the collector area, 


M Ctf(tf,e“tf,i) 

Pi 


( 2 ) 


Notice that 


Pj = IA = total power incident on the collector 

(BTU/Elr) 

• 

M = ihA = total mass flow rate through the 

collector (Lb/llr) 

For an air collector system, the mass flow rate is 
obtained by multiplying the density of the air with the 
volume flow rate of the air through collector. 

H = j» jjV (3) 

v;here 

^ = Density of the transfer fluid (Lb/Ft^) 

» 

V = Volume flow rate (SCFM) 

ORIGINAL PAGE 13 
OP POOR QUALnY 
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since - tf^^) » total power collected by the collector 

the collector efficiency can be expressed in 


p 

■jy ^ abs 

where 

“ total absorbed power 
=» total incident power 


(4) 


The present collector efficiency is defined as 

% eff = ^ ^tf^^ffC " ^f,i^ *100 

PT (5) 

In order to compare the performance of different collectors, the 
efficiency curve is plotted against a normalized factor 

X a^*^ave ** *^amb^ /g\ 


where 

'*’ave 
*^amb ° 
I 




Ambient temperature 
Solar flux 


("P) 

(“P) 

(BTU/Ft^-Hr) 


The efficiency calculations were made for all test data and are 
presented in Table VII for outdoor test data and Table XVIII, indoor @ 
test data. A second order least square curve is usually fitted 
to the data at each flow rate due to variations in efficiency 
because of wind. However, due to the lack of sufficient wind data, 
no curve fitting will be attempted for the outdoor data. A second 
order fit was performed on the indoor data and is as follows. 

The second order polynomial expressing collector efficiency as a 
function of the normalized factor is defined as: 

2 

^ (x) = Sq + a^^ X + 32X 

where V (x) is the collector efficiency 
X is the normalized factor 

Sq, a, , 32 are the coefficients to be determined 
by the curve fit to test data. 
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A con^uter program was used to calculate the polynomial coeffi- 
cients for each set of data presented in Table XVIII, @ 

Figures 2 through 5 present plots of efficiency \ersus the 
normalized factor for each flow condition. The curves plotted 
are for the data from the indoor tests. Only the data points 
for the outdoor test are shown on these plots. 


ORIGINAL PAGE IS 
OP POOR QUALHY 
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8.0 


COf^P ARISON ->^ND CONCLUSIONS 


It was hoped that a direct comparison of the outdoor 
to indoor test data could be made; however i several 
factors make this very difficult. These are: 

« The type of collector is extremely sensitive to 
wind variations. 

. The anemomet.er was not very accurate, and its 
placement was questionable. 

. The close proximity of structures to the test set 
up made determination of wind direction and velocity 
almost impossible. (See Figure 5.) 

In addition to the problems with the outdoor data, tlie 
indoor flux is not as accurate as it needs to be for 
comparison. The reason for this is that the tests were 
run on the solar simulator witli lamps near the end of 
their expected life. Consequently, lamps burned out 
at an increasing rate as the test progressed and for 
other than the initial test run the flux was an approxi 
mation based on the number of lamps burned out and the 
initial flux value as determined by a field map. 

These two factors would make any conclusion comparing 
indoor to outdoor testing questionable; therefore, no 
such comparison was attempted. 
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Outdoor data 
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Bldg 4620 



Thermal Performaace Tasts on M3FC Hot Air Collector S/N 10 




TABLE I 


STAGNATION TEST RESULTS SUMMARY 


collector 

s/w 

Maximum 
Absorber 
Temp. (*F> 

Status 

Comments 

5 

258 

Failed 

Foam expanded away from 
cover. 

6 

273 

Failed 

Foam expanded away from 
cover. 

8 

282 

Passed 

No visible’ change. 

10 

263 

Passed 

No visible change. 

11 

269 

Passed 

No visible change. 
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TABLE VII 

OUTDOOR THERMAL EFFICIENCIES OF MSEC HOT AIR COLLECTOR S/N 10 
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INDOOR PERFORMAI4CE TEST DATA 
AI^D 250 BTU/FT^-KR. (NO 



Note: Measured at Three Locations. 
























INDOOR PERFORMAI^CE TEST DATA AT 120 SCFM 
AND 250 BTU/FT^-HR. (NO WIND) 



Note; Measured at Three Locations. 








































H 

H 


>5 


a 

s 


(H 


ri4 

u 

U1 


o 

o 

rvj Q 

V, 

r ! w 

rJi S 

< O 

H J3 

< 

D 


W 

w 


a 

s 

I 


EHfNj 
fr> 
(il U, 
U Ns 

a 

o o 

Cm in 

Ci! M 
ti: 

a- D 

pci ^ 
O 

o 

Q 


Em 












ni 

n 

H 

CO 

r- 

in 

CS 

in 

VO 

0 


0 

• 

• 

• 

« 

• 

• 

« 

• 

• 



o 

0 

"T 


CO 

CO 

<N 

M 


ro 

Ov 


p' 

p' 

P' 


e> 


en 

(3V 

Ov 

ov 


0 

H 

H 

pH 


H 


H 

H 

rH 

pH 

M 


fM 

m 

n 

0 

pH 

fN 

rsi 

r- 

91 

VO 

0 


0 

• 

• 

• 

« 

» 

• 

• 

• 

9 



O 

0 

VO 

VO 

ov 

CM 

10 

CTl 

n) 

m 

0 

» 

«r 

T 



ov 

r- 

VO 

VO 

r* 

r- 

•S' 

0 


rH 

H 


pH 


H 

rH 

H 

H 

(N 




in 

fH 

00 

in 

»-( 

•S' 

U1 

rH 

0 


0 

« 

t 

• 

• 

t 

* 

t 

♦ 

» 

• 


o 

0 

Ov 

m 

ov 

0 

nj 

VO 

iH 

0 

0 


rH 

fH 

H 


ov 

r* 

•S' 

•S' 

in 

VO 

•S' 

0 

iH 

pH 

pH 


pH 


H 

H 

rH 

H 

{•J 


Em 

t>> 


0 

•S' 


(N 

H 

in 

r 

0 


O 

i 

• 

• 

1 

• 

• 

9 

• 

• 



o 

0 

(N 

(N 

0 

o> 

r- 

(H 

00 

•S' 

m 


C3 

00 

«n 

H 

0 

VO 

H 

n 

M 

•S' 

•S' 

0 





(•) 


H 

H 

H 

rH 

<•) 
















Pm 











Em 

0 






<«-*• 




W 

0 





Em 


Em 




H 






0 


0 

p 











>w.» 

d) 



H 









> 




M 

d 

Em 



a) 

0 

a) 

0 



y 

d 

4J 

0 



)M 

M 

M 

u 



! ^ 

-P 

(0 




d 

d 

d 



H 

to 

M 



Em 

p 

p 

p 

d 



P 

!-l 

(!) 

P 0) 


0 

(0 

(0 

d 

d) 

p 


o 

(0 

& 

a) u 



M 

VH 

M 

d) 

Ed 


y 

& 

e 

H c 



<U 

ai 

0) 

S 

1 

w 

« 

e 

a) 

d (u 

s 

(1) 

Of 

Of 

Of 

P 

rv) 



(!) 


H n 

(M 

u 

B 

B 

B 

d) 

P 

y 


+1 


U 

d 

0 

(U 

a) 

CQ 

Em 




p p 

cn 

P 

Eh 

Eh 

Eh 

\ 


D 

JJ 

<1^ 

11) p 


(0 




(!) 

D 



(!) 

rH 

H >H 


M 

0) 

(U 

0 


Eh 

■K 


pH 

p 

p a 

0) 

(!) 

P 

P 

p 

d Em 

d) 

>1 

» 

d 

d 

d 

p 

a 

(0 

(0 

(0 

P 0 


P 

M 

H 

0 

0 0 ) 

(0 

s 

iH 

fH 

iH 

nj *— 



a 

M 


M 

03 

(1) 

On 

Elf 

Of 

P 

X 

0 



M d 






d) d) 

d 

0 

w 

0 

0 

0 P 



M 

M 

M 

E3f P 

rH 

H 

CH 

4J 

4J 

P (0 

0 

p 

(U 

Q) 

d) 

£ (t) 

fa 

d) 


U 

0 

0 M 

rH 

d 


43 

P 

<3J rH 

> 


(y 

a) 

(1) (!) 

U 4 

0 

M 

M 

P 

EH Of 

p 


U 

rH 

H 

H Of 


•H 

0 

0 

0 

(0 


1-1 

H 

fH 

H e 

Vh 

0 

in 

(0 

U1 

P vd 

rH 

d 

?3 

H 

0 

u 

0 

u 

0 (!) 
U 

•pH 

< 


s 




0 

w 

•H 

B 


W 

a 

o 

■H 

4J 

to 

o 

o 

1-1 

Q> 

<U 

M 

XS 

[H 

4J 

fO 


td 

0) 

P 

m 

to 

5} 


o 

4J 

o 

♦ 




ORIGINAL VtaSEFSS 
OF POOR QUAL12Y 








30 


Note: Measured at Three Locations 
































IJDOOR PERFORHANCE TEST DATA AT 200 SCFI'i 
250 BTU/Ft2-KR. (WITH WII^D) 
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♦Note: Measured at Three Locations. 









































































Note: Measured at Three Locations. 























TABLE XVIII 


INDOOR PERFORMANCE TESTS RESULTS AND ANALYSIS SUMMARY 


Flow 

Rate 

SCFH 

Solar Flux 
BTU/Pt“-Hr 


n 

Tested 

Eff. 

« 

Calc. 

Eff. 

% 

Coefficient 




80 

.068 

57.3 

57.4 

« .643 



110 

.185 

44.7 

44.3 

ai « .974 

;p'.' 

.350 








140 

.296 

29.7 

30.2 

^2 “ .601 



170 

.377 

19.3 

19.1 




80 

.094 

50.3 

50.3 

3q = .631 



110 

.200 

35.7 

35.7 


JUO 

250* 





~ ”1.363 



140 

.308 

20.8 

20.8 




170 

.412 

6.3 

6.3 

32 =* “.039 



80 

.088 

44.3 

45.6 




110 

.194 

32.8 

32.6 



250* 





« .514 



140 

.300 

18.7 

19.8 




170 

.400 

5.2 

6.1 


120** 






=» “.819 



80 

.077 

45. 4 

44.7 




110 

.174 

33.1 

34.8 



275* 





a- = -.787 



140 

.279 

24.6 

22.5 




170 

.375 

10.5 

9.7 




80 

.086 

49.9 

50.2 

= -591 



110 

.199 

39.0 

38.0 

a, = ”1.019 

120 

250 








140 

.306 

24.9 

25.9 

32 — “ • 218 



170 

.416 

13.3 

13.0 



* 3 - MPH Wind 

+ * Ur.o i-x i.;L Points to Determine the Coefficients 
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TABLE XVIII (Continued) 


INDOOR PERFORMANCE TESTS RESULTS AND ANALYSIS SUMMARY 


Flow 


Inlet 

T -T 
*ave *a 

Tested 

Calc. 

Coefficient 

Rate 

Solar Flux 
BTU/Pt^-Hr 

Temp. 

Ef£. 

Eff. 

/ n M V 

1 

1 * 1 


op 


% 

% 

(ao+aix+a2X-/ 



80 

.069 

51.0 

.51.1 

a^ - .591 



110 

.202 

36.4 

36.0 

« -1.178 

'JO 

250 

140 

.299 

24.9 

25.4 

" ‘iSl 



170 

.393 

15.5 

15.3 




80 

.084 

40.7 

42.2 




110 

.174 

29.3 

31.3 



275* 

140 

.269 

18.2 

20.2 

a_ » .525 

<)0** 


170 

.372 

7.5 

8.5 



80 

.080 

44.3 

42.7 

ai ■ -1.247 





110 

.188 

31.7 

29.7 



250* 

140 

.290 

20.3 

17.0 

a- * .172 



170 

.400 

5.8 

5.4 




80 

.113 

38.5 

38.4 

- .522 



110 

.215 

27.1 

27.5 


90 

250 





a, - -1.309 



140 

.312 

19.1 

18.7 

JL 



170 

.404 

11.4 

11.6 

^2 *» .751 


* 3-4 MPH Wind 

** Use Eight Points To Determine the Coefficients 
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